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CHAPTER I  
THE PROBLEM AND RELATED LITERATURE^
THE PROBLEM
S ta te m e n t o f  th e  P roblem  
The p u rp o se  o f t h i s  s tu d y  was t o  i n v e s t i g a t e  t h e  s t r e n g th  d e c r e ­
m ent o f s e l e c te d  m uscle  g ro u p s  d u r in g  t r e a d m i l l  w a lk in g  a t  d i f f e r e n t  
s lo p e s  w h ile  b a c k -p a c k in g  a  p r e s c r ib e d  lo a d .
S ig n i f ic a n c e  o f th e  S tu d y  
D e s p ite  m odern m e c h a n ic a l a d v a n c e s , b a c k -p a c k in g  i s  s t i l l  an  
im p o r ta n t  m ethod u se d  by  th e  U n ite d  S ta te s  F o r e s t  S e rv ic e  P e r s o n n e l  
t o  t r a n s p o r t  equ ipm ent i n  w i ld e r n e s s  a r e a s .  O b je c t iv e  e v a lu a t io n  o f 
b a c k -p a c k in g  sh o u ld  h e lp  th e  equ ipm en t d e s ig n e r  d e v e lo p  equipm ent 
m o d if ic a t io n s  w hich n o t  o n ly  e a s e  th e  w o rk e r 's  b u rd en  b u t  a l s o  le a d  t o  
in c r e a s e d  e f f i c i e n c y .
I t  i s  r e a l i z e d  t h a t  f i e l d  c o n d i t io n s  c a n n o t be  d u p l ic a te d  in  th e  
l a b o r a to r y .  However, s in c e  c e r t a i n  f a c t o r s  w hich w ould n o rm a lly  v a ry .
T h is  s tu d y  was co m p le ted  u n d e r a  c o o p e ra t iv e  ag reem en t b e tw een  
th e  M ontana S t a te  U n iv e r s i ty  D epartm en t o f H e a l th ,  P h y s ic a l  E d u c a tio n  
and  A t h l e t i c s  and th e  M isso u la  E quipm ent D evelopm ent C e n te r  o f th e  
U n ite d  S t a t e s  F o r e s t  S e r v ic e ,  D epartm ent o f A g r i c u l tu r e .
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cam be  h e ld  c o n s ta n t  u n d e r l a b o r a to r y  c o n d i t i o n s ,  much u s e f u l  in fo rm a ­
t i o n  can  b e  g a in e d  i n  t h i s  m anner.
T h is  s tu d y  s e e k s  t o  a n a ly z e  b a c k -p a c k in g  u n d e r v a i r ia t io n s  o f  
g r a d e .  I t  i s  hoped t h a t  th e  know ledge g a in e d  h e r e in  w i l l  g iv e  b e t t e r  
i n s i g h t  i n t o  th e  f u n c t io n in g  o f  s p e c i f i c  m u sc le  g ro u p s w h ile  b a c k ­
p a c k in g , and t h a t  t h i s  know ledge may l a t e r  be made a p p l ic a b le  t o  f i e l d  
c o n d i t i o n s .
B a s ic  A ssum ptions
The a s su m p tio n  was made t h a t  m u sc le s  u n d e r p h y s ic a l  s t r e s s  may
w eaken , and t h i s  s e r v e s  a s  an  in d e x  o f th e  f a t i g u e .  C la rk e  d e m o n s tra te d
1
th e  v a l i d i t y  o f  t h i s  a ssu m p tio n  i n  a n o th e r  s tu d y . S u b je c ts  e x e r c is e d  
t h e i r  e lbow  f l e x o r  m u sc le s  on a n  e rg o g ra p h  w ith  a  lo a d  r e s i s t a n c e  e q u a l  
t o  t h r e e - e i g h t h s  o f  th e  elbow  f l e x o r  s t r e n g t h .  The mean l o s s  i n  
s t r e n g t h  was a p p ro x im a te ly  th i r ty - , tw o  p e r c e n t  a f t e r  c e s s a t i o n  o f  ex ­
e r c i s e ,  and s t r e n g th  r e c o v e ry  was n o t c o m p le te  t h r e e - f o u r t h s  o f  a n  h o u r 
l a t e r .
D e f in i t io n s
S t r e n g th  D ecrem ent-  th e  d i f f e r e n c e  i n  s t r e n g th  o f  a  g iv e n  m usc le
group  b e f o r e  e x e r c i s e  and a f t e r  e x e r c i s e .
S tr e n g th  D ecrem ent In d e x -  th e  p r o p o r t io n  o f  p r e - e x e r c i s e  s t r e n g th
2l o s t  d u r in g  p h y s ic a l  e x e r t i o n .
H. H a r r is o n  C la rk e ,  " S t r e n g th  D ecrem ent E f f e c t s  o f E x h a u s tiv e  
E f f o r t s  o f th e  Elbow F le x o r  M u s c le s ,"  A rc h iv e s  o f R iy s i c a l  M ed icine  
and  R e h a b i l i t a t i o n , 3 5 :5 6 0 , S e p tem b er, lÿ5U-
% .  H a r r is o n  C la rk e  and D avid H. C la rk e , D ev elo p m en ta l and 
A dap ted  P h y s ic a l  E d u c a tio n  (Englew ood C l i f f s ,  N. J .  : P r e n t ic e  H a l l ,  
I n c . ,  1 9 6 3 ), p p . 79 - 9 6 .
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8D I = S i  -  S f X 100 
S i
S i  -  i n i t i a l  s t r e n g th ,  ta k e n  b e fo r e  e x e r c i s e .
S f = f i n a l  s t r e n g t h ,  ta k e n  a f t e r  e x e r c i s e .
SDI = S t r e n g th  D ecrem ent In d e x ,
Knee E x te n s io n ; a  movement o c c u r r in g  a t  th e  knee j o i n t  w here 
th e  a n g le  b e tw een  th e  a n t e r i o r  a s p e c t  o f th e  th ig h  and th e  a n t e r i o r  
a s p e c t  o f th e  l e g  becom es l a r g e r .
Knee F le x io n : a  movement o c c u r in g  a t  th e  knee  j o i n t  w here  th e
a n g le  b e tw een  th e  a n t e r i o r  a s p e c t  o f th e  th ig h  and a n t e r i o r  a s p e c t  o f 
th e  le g  becom es s m a l l e r .
Hip F le x io n : a  movement o c c u r r in g  a t  th e  h ip  j o i n t  w here th e
a n g le  be tw een  th e  a n t e r i o r  a s p e c t  o f th e  t h ig h  and th e  a n t e r i o r  a s p e c t  
o f th e  t ru n k  becom es s m a l le r .
H ip E x te n s io n : a  movement o c c u r r in g  a t  th e  h ip  j o i n t  w here th e  
a n g le  b e tw een  th e  a n t e r i o r  a s p e c t  o f th e  th ig h  and th e  a n t e r i o r  a s p e c t  
o f th e  t r u n k  becom es l a r g e r .
T runk E x te n s io n : a  movement a t  th e  v e r t e b r a l  colum n t h a t  r e ­
s u l t s  i n  a n  in c r e a s e  i n  th e  a n g u la t io n  i n  th e  a s p e c t s  o f t h i s  co lum n. 
T h is  movement b en d s th e  t r u n k  p o s t e r i o r l y .
T runk F le x io n  : a  movement a t  th e  v e r t e b r a l  colum n t h a t  r e s u l t s
i n  a  d e c re a s e  i n  t h e  a n g u la t io n  i n  th e  a n t e r i o r  a s p e c t  o f t h i s  co lum n.
I t  in v o lv e s  b e n d in g  th e  t ru n k  a n t e r i o r l y .
S h o u ld e r  F l e x io n : a  d e c re a s e  in  th e  a n g le  betw een  th e  a n t e r i o r
a s p e c t  o f th e  hum erus and  a n  im a g in a ry  c o ro n a l  ( f r o n t a l )  p la n e  e x te n d in g  
th ro u g h  t h i s  j o i n t .  T h is  in v o lv e s  a n  upward and fo rw a rd  movement o f
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t h e  hum erus from  th e  a n a to m ic a l  p o s i t i o n .
P e rc e n t  Grade : th e  ta n g e n t  o f  th e  a n g le  o f i n c l i n a t i o n  a t  w hich
th e  t r e a d m i l l  was r u n  d u r in g  t e s t  m arc h es .
B a ck -p a ck t a  s ta n d a rd  p ack  u sed  by  th e  U n ite d  S t a t e s  F o r e s t  
S e r v ic e .  F o r  th e  p u rp o se s  o f t h i s  s tu d y ,  th e  p ack  was lo a d e d  to  a
w e ig h t o f  s ix ty - tw o  pounds w ith  r e g u l a r l y  c a r r i e d  eq u ip m en t.
L im i ta t io n s  o f  th e  S tu d y  
The fo l lo w in g  f a c t o r s  m ust b e  ta k e n  i n to  c o n s id e r a t i o n  in  th e  
a p p l i c a t i o n  o f th e  c o n c lu s io n s  o f  t h i s  s tu d y .
1* The num ber o f  s u b j e c t s  was r e s t r i c t e d  t o  t e n  m ale  s t u ­
d e n ts  e n r o l le d  i n  p h y s ic a l  e d u c a t io n  s e r v ic e  c o u rs e s
a t  M ontana S t a t e  U n iv e r s i ty  d u r in g  th e  s p r in g  q u a r t e r ,  
1963.
2 .  V a r ia b le s  n o t ta k e n  i n t o  c o n s id e r a t io n  i n  t h i s  s tu d y  
w ere a g e , w e ig h t ,  and h e ig h t .
3 . G r a v i t a t i o n a l  p u l l  was n o t  c o n s id e re d  when th e  lo w er 
e x t r e m i t i e s  w ere  t e s t e d  f o r  s t r e n g t h .
h» A lthough  t h e r e  a r e  many m usc le  g ro u p s  in v o lv e d  in
s u p p o r t in g  a  b a c k -p a c k  w h ile  w a lk in g , th e  knee  e x te n ­
s o r s ,  knee f l e x o r s ,  h ip  e x te n s o r s ,  h ip  f l e x o r s ,  t r u n k  
e x te n s o r s ,  t r u n k  f l e x o r s ,  and th e  s h o u ld e r  f l e x o r s  were 
th e  o n ly  m uscle  g ro u p s  t e s t e d  f o r  s t r e n g th  d ecrem en t 
s in c e  th e s e  w ere th e  ones w hich showed s t a t i s t i c a l l y
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
s i g n i f i c a n t  d ec rem en ts  i n  C la r k e ’ s^  w ork .
S . The p re c e d in g  sev en  m u sc le  g ro u p s  w ere t e s t e d  on o n ly  
th e  r i g h t  s id e  o f  th e  b o d y , M a r t in 's ^  s tu d y ,  w hich  
a g re e s  w ith  K e l lo g g 's ,  in d ic a te d  t h a t  b o th  s id e s  o f th e  
body  may be  assum ed to  b e  e q u a l ly  s t r o n g .
Review  o f R e la te d  L i t e r a t u r e  
C la rk e ^  s tu d ie d  s t r e n g th  d ecrem en t and s t r e n g th  d ecrem en t i n ­
d i c e s  of m u sc le s  in v o lv e d  in  c a r r y in g  v a r io u s  p a ck s  on m i l i t a r y  m arches 
o f  sev en  and o n e -h a l f  m i le s .  T h i r ty  S p r in g f ie ld  C o lle g e  m ale s tu d e n ts  
m a jo r in g  i n  p h y s ic a l  e d u c a t io n  c a r r i e d  th e  Q u a r te rm a s te r  e x p e r im e n ta l  
p a c k , th e  com bat p a c k , and th e  ru c k s a c k  on t h e i r  b ack s  a t  d i f f e r e n t  
p o s i t i o n s  and w ith  v a ry in g  w e ig h t.  Each m arch was made over m o d e ra te ly  
ro u g h  t e r r a i n  a t  th e  r a t e  o f two and o n e -h a l f  m i le s  e v e ry  f i f t y  m in­
u t e s .  M uscle g ro u p s  t e s t e d  w ere th o s e  w hich w ere  f e l t  t o  be  u n d e r
d i r e c t  s t r e s s  i n  s u p p o r t in g  th e  p a c k s , th o s e  in v o lv e d  i n  s t a b i l i z i n g
th e  body  i n  r e l a t i o n  t o  th e  p a c k , th o s e  p r im a r i ly  a c t i v a t e d  i n  m ar­
c h in g ,  and th o se  a f f e c t e d  by i n t e r f e r e n c e  w ith  c i r c u l a t i o n  due t o  
p r e s s u r e  from  pack  s t r a p s .  The m usc le  g ro u p s show ing g r e a t e s t  s t r e n g th
lo s s e s  f o r  th e  n in e  m arches i n  th e  two s e r i e s  w ere : t r u n k  e x te n s o r s  in
e ig h t  m a rc h e s , h ip  e x te n s o r s  i n  sev en  m a rc h e s , and knee  f l e x o r s  i n  s i x
H a r r is o n  C la rk e , " S t r e n g th  D ecrem ents from  C a rry in g  V a rio u s  
Army P acks on M i l i t a r y  M a rc h e s ,"  R e se a rc h  Q u a r te r ly , 2 6 :2 ^ 7 , O c to b e r ,
1955.
2
E , G, M a r t in ,  "M uscu lar S t r e n g th  and M uscu lar Symmetry in  
Human B e in g s ,"  The A m erican  J o u r n a l  o f  P h y s io lo g y , May, 1918, p .  7 0 ,
^C larke, l o c ,  c i t . , pp . 2 5 3 -2 6 5 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6
m a rc h e s . The a n k le  p l a n t a r  f l e x o r s  were o n ly  t e s t e d  i n  th e  f i r s t  s i x  
m a rc h e s , b u t  th e y  showed s i g n i f i c a n t  s t r e n g th  decrem en t in  a l l  s i x .  The 
tru n k  f l e x o r s  and th e  h ip  f l e x o r s  showed s t r e n g th  l o s s e s  in  f i v e  m arches 
w h ile  th e  s h o u ld e r  e l e v a to r s  and knee e x te n s o r s  showed s t r e n g th  l o s s  i n  
o n ly  f o u r  m arc h es . The Q u a r te rm a s te r  e x p e r im e n ta l  p ack  cau sed  th e  l e a s t  
amount o f  d e c re m e n t, fo llo w e d  by th e  com bat pack and th e  ru c k s a c k .  The 
p h y s i c a l  c o n d i t io n  o f  th e  s u b j e c t s  im proved c o n s id e r a b ly  a s  a r e s u l t  
o f  r e p e a te d  pack  c a r r y in g  m arc h es .
W in b ig le r^  s tu d ie d  th e  s t r e n g th  decrem en t o f f o u r te e n  m u sc le  
g ro u p s . T h ese  w ere th e  t ru n k  f l e x o r s ,  t ru n k  e x te n s o r s ,  h ip  f l e x o r s ,  
h ip  e x te n s o r s ,  h ip  a b d u c to r s ,  h ip  a d d u c to r s ,  h ip  inw ard  r o t a t o r s ,  h ip  
ou tw ard  r o t a t o r s ,  knee f l e x o r s ,  knee e x te n s o r s ,  a n k le  d o r s i  f l e x o r s ,  
a n k le  p l a n t a r  f l e x o r s ,  a n k le  i n v e r t e r s ,  and a n k le  e v e r t e r s .  S ev en teen  
U n iv e r s i ty  o f  Oregon m ale s tu d e n ts  s e l e c te d  from  n o n - p r o f e s s io n a l  
p h y s i c a l  e d u c a t io n  c l a s s e s  w ere t e s t e d  tw ic e  f o r  m usc le  s t r e n g t h .  The 
f i r s t  t e s t  was g iv e n  a f t e r  a  one m in u te  warm-up r u n ,  and th e  second  
was g iv e n  one m in u te  a f t e r  th e y  had r u n  on th e  t r e a d m i l l  f o r  t e n  m in­
u t e s  a t  a  speed  o f  se v en  m ile s  p e r  h o u r .  The t r e a d m i l l  was s e t  a t  
z e ro  g rad e  ( f l a t ) .  A lth o u g h  th e s e  c o n d i t io n s  w ere sub -m ax im al, i t  
a llo w e d  th e  s u b je c t s  t o  f i n i s h  th e  r u n  in  w hat th e  a u th o r  te rm ed  "a
^Thomas Duane W in b ig le r ,  " S tr e n g th  D ecrem ent E f f e c t s  on th e  
M u sc les  o f  th e  T runk and Lower E x t r e m i t ie s  from  Sub-M aximal T re a d m il l  
R u n n in g ,"  (m ic ro c a rd e d  M a s te rs  t h e s i s .  U n iv e r s i ty  o f O regon, E ugene, 
19^6), pp. 1-31.
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r e l a t i v e l y  h ig h  s t a t e  o f  f a t i g u e . ”^  O nly th e  h ip  outw ard  r o t a t o r s  and 
th e  t ru n k  f l e x o r s  showed a  s i g n i f i c a n t  s t r e n g th  d e c re m e n t.
C la rk e ^  c o n d u c ted  a  s tu d y  show ing s t r e n g th  d ecrem en t on th e  
m u sc le s  o f  th e  lo w er l e g  and a n k le  r e s u l t i n g  from  w e a rin g  th e  f o l lo w in g  
ty p e s  o f Army fo o tw e a r :  com bat b o o t ,  ru b b e r  i n s u l a t e d  b o o t ,  and  th e
q u a r t e r  c u t  sh o e . T w en ty -n ine  S p r in g f i e ld  C o lle g e  s tu d e n ts  m a jo r in g  
i n  p h y s i c a l  e d u c a tio n  a c te d  a s  s u b j e c t s ,  e ach  c o m p le tin g  th r e e  m ar­
c h es  w e a rin g  a  d i f f e r e n t  b o o t o r  shoe  on e v e ry  m arch . A combat pack  
w e ig h in g  f o r ty - o n e  pounds was c a r r i e d  on e v e ry  m arch . The a c t u a l  
m arch in g  d i s t a n c e  was se v en  and o n e -h a l f  m i le s  o v e r m o d e ra te ly  ro u g h  
t e r r a i n  a t  a  r a t e  o f  two and o n e - h a l f  m ile s  i n  f i f t y  m in u te s  w ith  a  
t e n  m in u te  s to p  a t  th e  end o f e ac h  two and o n e -h a l f  m ile s  p e r m i t t in g  
tim e  t o  t e s t  f o r  s t r e n g t h .  M i l i t a r y  m arches w ith  th e  com bat b o o t 
r e s u l t e d  i n  th e  l e a s t  d e c re m e n t; th e  ru b b e r  in s u l a t e d  b o o ts  were 
n e x t  b e s t ;  and th e  s t r e n g th  d ecrem en t was th e  g r e a t e s t  w ith  th e  q u a r ­
t e r  c u t  sh o e . The a n k le  e v e r t e r s  w ere th e  m u sc le  g ro u p s  m ost a f f e c t e d  
by  s t r e n g th  decrem en t i n  th e  t h r e e  m arc h es . T hese w ere fo llo w e d  b y  
th e  a n k le  p l a n t a r  f l e x o r s ,  th e  a n k le  i n v e r t e r s ,  and th e  a n k le  d o r s i  
f l e x o r s .
^ I b i d . , p .  2k»
H arrison  C lark e , "S trength  Decrem ents from  Wearing V ariou s  
Army B o o ts  and S h oes on M il i ta r y  M arches," R esearch Q u a r ter ly , 
2 6 :2 6 6 -2 7 3 , O ctober, 19^5-
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CHAPTER n
PROCEDURES
S tr e n g th  D ecrem ent In d ex
The s t r e n g th  d ecrem en t e f f e c t  o f pack  c a r r y in g  w h ile  w a lk in g  
on a  t r e a d m i l l  was c a l c u l a t e d  from  th e  s t r e n g th  l o s s e s  o f sev en  
s e l e c te d  m usc le  g ro u p s . C la rk e ^  showed th a t  when a  m u sc le  g roup  
i s  e x e r c is e d  a g a in s t  r e s i s t a n c e ,  i t  l o s e s  i t s  a b i l i t y  t o  a p p ly  t e n ­
s io n .  He c a l l e d  t h i s  l o s s  s t r e n g th  d e c rem e n t. The S t r e n g th  D ecre ­
m ent In d ex  (SD I) i s  c a l c u l a t e d  by  th e  fo rm u la  g iv e n  b e lo w .
SDI = S i  -  S f X 100 
S i
S i  = i n i t i a l  s t r e n g t h ,  ta k e n  b e fo r e  e x e r c i s e .
Sf = f i n a l  s t r e n g t h ,  ta k e n  a f t e r  e x e r c i s e .
SDI ~ S t r e n g th  D ecrem ent In d e x .
S t r e n g th  T e s tin g
S e l e c t i o n  o f th e  S t r e n g th  T e s t in g  Equipm ent 
H u n s ic k e r  and D o n n e lly ^  gave an  h i s t o r i c a l  p i c t u r e  o f  th e
1h . H arrison  C lark e, "S tren gth  Decrement o f  th e  Elbow F le x o r  
M uscles F o llo w in g  E xh au stive  E x e r c is e ,"  A rch iv es o f P h y s ic a l M edicine  
and R e h a b il i t a t io n , Septem ber, 195U, P* ^ 6 0 .
2pau l A. H u n sick er , Richard J ,  D o n n e lly , "Instrum ents t o  Measure 
S tr en g th ,"  R esearch Q u a r ter ly . December, 1955 , pp . ii0 8 -I il9 .
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dev elo p m en t o f v a r io u s  in s t ru m e n ts  u sed  to  m easu re  human s t r e n g th  
d u r in g  th e  p a s t  tw o hundred  and  f i f t y  y e a r s  and  th e  p r i n c i p l e s  o f  
o p e r a t io n  upon w h ic h  t h e i r  d e s ig n s  w ere b a s e d . The dynam om eter, e s ­
p e c i a l l y  th e  s p r in g  s t e e l  ty p e ,  h a s  b e e n  th e  p r i n c i p a l  in s tru m e n t  
u t i l i z e d  f o r  s t r e n g th  t e s t i n g .  The s p r in g  s t e e l ,  m e r c u r ia l ,  and 
p n e u m a tic  dynam om eters t o g e t h e r  w ith  t h e  c a b le  te n s io m e te r  w ere  d e ­
s ig n e d  t o  m easure  a  s i n g l e  maximum e f f o r t .  The e rg o g ra p h  and th e  
e l e c t r i c a l  s t r a i n  gauge dynam om eters w ere  d e v e lo p e d  w ith  th e  id e a  o f  
s e c u r in g  a  s e r i e s  o f  m u sc u la r  e f f o r t s  o r  f o r  m aking a  t o t a l  r e c o r d  o f 
th e  f o r c e  from  th e  i n i t i a l  movement th ro u g h  th e  d r o p - o f f .
C la rk e ^  made a  co m p ariso n  o f  in s t ru m e n ts  f o r  r e c o r d in g  m uscle  
s t r e n g t h .  The f o u r  in s t ru m e n ts  he  com pared w ere  th e  c a b l e - t e n s i o -  
m e te r ,  th e  W ak im -P orte r s t r a i n  g a u g e , th e  s p r in g  s c a l e ,  and th e  
Newman m yom eter. The e v a lu a t io n  o f  th e  i n s t r u m e n ts ’ o b j e c t i v i t y  
was b a se d  upon th e  c o r r e l a t i o n  b e tw een  th e  r e s u l t s  o b ta in e d  b y  d i f f e r ­
e n t  t e s t e r s .  R e l i a b i l i t y  o f each  in s tru m e n t  was d e te rm in e d  b y  th e  
amount o f  c o r r e l a t i o n  b e tw een  th e  r e s u l t s  r e c o rd e d  by th e  in s t ru m e n t  
on r e p e t i t i o n s  o f th e  same t e s t s .
The r e s u l t s  o f  th e  s tu d y  showed t h a t  th e  p r e c i s i o n  o f th e  
c a b le - t e n s ic m e te r  was c o n s i s t e n t l y  h ig h e r  th a n  i t  was f o r  th e  o th e r  
in s t r u m e n ts .  The o b j e c t i v i t y  c o e f f i c i e n t s  f o r  th e  t e s t s  o b ta in e d  w ith  
th e  te n s io m e te r  v a r i e d  be tw een  .9 0  and ,9 5 .  The W ak im -P orte r s t r a i n  
gauge had  s a t i s f a c t o r y  o b j e c t i v i t y  c o e f f i c i e n t s  and  was g e n e r a l l y
% .  H a r r is o n  C la rk e , "C om parison  o f In s tru m e n ts  f o r  R eco rd in g  
M isc le  S t r e n g th ,"  R e se a rc h  Q u a r t e r ly , D ecem ber, 195L, p p . 3 9 8 -L .ll .
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s u p e r io r  t o  th e  c a b le - t e n s io m e te r  i n  th e  am ount o f  s t r e n g th  r e c o r d e d ,  
b u t  th e  r e s u l t s  w ere  i n c o n s i s t e n t .
The s p r in g  s c a le  was s i g n i f i c a n t l y  i n f e r i o r  to  b o th  th e  c a b le -  
te n s io m e te r  and th e  W ak im -P orte r s t r a i n  gauge i n  th e  amount o f s t r e n g th  
r e c o r d e d .
The Newman m yom eter was l im i te d  t o  s t r e n g th  e f f o r t s  n o t e x c e e d ­
in g  s i x t y  pounds and r e s u l t e d  i n  e x tre m e ly  low o b j e c t i v i t y  c o e f f i ­
c i e n t s .
S in c e  th e  c a b le - te n s io m e te r  had  b e en  shown t o  b e  th e  m ost 
s u i t a b l e  in s t ru m e n t  f o r  s t r e n g th  t e s t i n g ,  i t  was s e l e c te d  f o r  t h i s  
s tu d y .  C la r k e ' s^  m ethods o f  t e s t i n g  th e  s t r e n g th  o f  th e  s e l e c te d  
m usc le  g ro u p s  w ere fo l lo w e d .
E quipm ent U sed f o r  C a b le -T e n s io n  S tr e n g th  T e s t in g
C la rk e ^  p r e s c r ib e d  th e  fo l lo w in g  t e s t i n g  equipm ent t o  b e  u sed  
i n  c o n ju n c t io n  w ith  th e  c a b le - t e n s io m e te r .
The T e s t in g  T a b le . The t e s t i n g  t a b l e  was s e v e n ty - e ig h t  in c h e s  
lo n g ,  A s l i t  tw e n ty  in c h e s  lo n g  and sev en  in c h e s  w ide was c u t  l e n g th ­
w ise  i n  th e  c e n te r  o f  th e  t a b l e  t o p ,  t e n  in c h e s  fro m  one e n d .
H ooks. Open eyed  hooks w ere screw ed i n to  th e  t a b l e  a t  d e s ig ­
n a te d  p l a c e s  f o r  t h e  a tta c h m e n t o f th e  p u l l i n g  a s s e m b lie s .  T hese
H. H a r r is o n  C la rk e  and D avid H, C la rk e ,  D ev elo p m en ta l and 
A dap ted  P h y s ic a l  E d u c a tio n  (Englew ood C l i f f s ,  N. J .  : P r e n t ic e  H a l l ,  
I n c . ,  1963 ) ,  p p l  7 9 -9 5 1
% .  H a r r is o n  C la rk e , C a b le -T e n s io n  S tr e n g th  T e s ts  ( S p r i n g f i e l d :  
S t u a r t  E. M urphy, 1 9 ^ 3 ), p p . 2 -6 .
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hooks w ere  s t r o n g  enough t o  w ith s ta n d  th e  t e n s io n  a p p l ie d  b y  a l l  o f  
th e  s u b j e c t s .
P u l l in g  A s s e m b lie s . The p u l l i n g  d e v ic e s  in c lu d e d  a  s t r a p ,  a  
c a b l e ,  and a  l in k e d  c h a in .  The r e g u l a t i o n  s t r a p  was two in c h e s  w ide 
b u t  v a r i e d  i n  l e n g th  a c c o rd in g  t o  th e  m uscle  g roup  b e in g  t e s t e d .  The 
t r u n k  s t r a p  c o n s i s t e d  o f two p ie c e s  o f  b e l t i n g ;  f i v e  in c h e s  by  t h i r t y  
in c h e s  and two in c h e s  by  t h i r t y  i n c h e s .  A t h r e e - t h i r t y - s e c o n d  in c h , 
f l e x i b l e  c a b le  was a t t a c h e d  to  a  s m a ll  l in k e d  c h a in .  C h a in s o f  d i f f e r ­
e n t  le n g th s  w ere  needed f o r  t e s t i n g  each  o f th e  m usc le  g ro u p s .
G o n io m ete r. T h is  in s tru m e n t  c o n s i s t s  o f a  one h u n d red  and  
e ig h t y  d e g re e  p r o t r a c t o r  made o f p l e x i g l a s s  w ith  two e ig h te e n  in c h  
a rm s . One o f th e s e  arm s i s  s t a t i o n a r y  and e x te n d s  a lo n g  th e  z e ro  
l i n e  w h ile  th e  o th e r  i s  m ovable p e r m i t t in g  r o t a t i o n  t o  th e  p ro p e r  
a n g le .^  T h is  in s tru m e n t was used  f o r  m easu rin g  th e  c o r r e c t  a n g le s  
n eed ed  i n  th e  knee  f l e x i o n  and knee e x te n s io n  s t r e n g th  t e s t s .
D e s c r ip t io n  o f th e  S t r e n g th  T e s ts
The m ethods u se d  t o  f i n d  th e  s t r e n g th  d ecrem en t o f th e  se v en
2
m u sc le  g ro u p s  w ere  th o s e  d e s c r ib e d  b y  C la rk e . F o r a  d e s c r i p t i o n  of 
th e  e x a c t  t e s t i n g  p ro c e d u re s  r e f e r  t o  A ppendix  A.
^H. H arrison  C lark e, " O b jective  S tren g th  T e s ts  o f  A ffe c te d  
M uscle Groups In vo lved  in  O rthopedic D i s a b i l i t i e s ,"  R esearch  
Q u a r ter ly , May, 19^8, p . 12^ .
% . H arrison  C larke and David H. C lark e, _o£. c i t . ,  pp.  79-96,
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T ra in in g  o f  T e s te r
The t e s t e r  was c a r e f u l ly  tr a in e d  in  c a b le - te n s io m e te r  t e s t i n g  
methods b e fo r e  th e  d a ta  was c o l l e c t e d .  The procedure in c lu d e d :
(a )  th e  t e s t e r  t e s t in g  and r e t e s t in g  a group o f  s e le c t e d  s u b je c t s  
u s in g  o n ly  th e  seven  s p e c i f i c  m uscle groups u n t i l  a h ig h  c o n s is t e n c y  
o f  t e s t in g  was reach ed ; and (b )  th e  t e s t e r  t e s t in g  and r e t e s t in g  th e  
m uscle  groups in  sam ples o f  t e n  su b je c ts  u n t i l  th e y  reach ed  o b je c ­
t i v i t y  c o e f f i c i e n t s  approaching ,86  t o  . 9 8 . T hese o b j e c t iv i t y  c o e f f i ­
c i e n t s  a r e  w ith in  th e  l im i t s  d escr ib ed  by C la rk e . ^
SELECTION CF MUSCLE GROUPS TESTED
M uscle groups were s e le c t e d  f o r  t e s t in g  a f t e r  exam ining  
C la r k e 's  stu d y  on s tr e n g th  decrem ents from c a rr y in g  Army p a ck s . 
S e v e r a l c h a r a c t e r i s t i c s  were r e p r e s e n ta t iv e  o f th e  m uscle groups he  
had s e l e c t e d  fo r  th a t  s tu d y .
The m uscle groups t e s t e d  were th o se  c o n sid er ed  to  b e:
(a )  under d ir e c t  s t r e s s  in  su p p ortin g  th e  p ack s,
(b ) in v o lv ed  in  s t a b i l i z i n g  th e  r e s t  o f  the body in  r e l a ­
t io n  t o  th e  pack,
( c )  p r im a r ily  a c t iv a te d  in  m arching, and
(d ) a f f e c t e d  by in te r fe r e n c e  w ith  c ir c u la t io n  caused by  
p r e ssu re  from th e  pack s t r a p s , 2
Of th e  e le v e n  groups he s e l e c t e d  on th e  b a s is  o f t h i s  c r i t e r i a ,  o n ly
e ig h t  groups y ie ld e d  s t a t i s t i c a l l y  s ig n i f i c a n t  decrem ents during th e
^H. H a r r is o n  C la rk e ,  " S t r e n g th  D ecrem ents from  C a r ry in g  V a rio u s  
Army P a c k s  on M i l i t a r y  M a rch e s ,"  R e se a rc h  Q u a r te r ly , 26:2^ 7 , O c to b e r ,
1 955 .
^H. H arrison  C lark e , " O b jectiv e  S tren g th  T e sts  o f  A ffe c te d  
M uscle Groups In v o lv ed  in  O rthopedic D i s a b i l i t i e s ,"  R esearch Q u a r ter ly , 
May, 191:8, pp . 2 5 5 -2 5 6 .
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m a rc h e s . T hese w ere th e  s h o u ld e r  e l e v a t o r s ,  th e  t r u n k  f l e x o r s ,  th e
t r u n k  e x te n s o r s ,  t h e  h ip  f l e x o r s ,  th e  h ip  e x te n s o r s ,  th e  knee f l e x o r s ,
th e  knee e x te n s o r s ,  and th e  a n k le  p l a n t a r  f l e x o r s .  I n  t h i s  s tu d y ,  th e
a n k le  p l a n t a r  f l e x o r s  c o u ld  n o t  b e  m easured  b e c a u se  th e  te n s io m e te r
was n o t a d e q u a te  t o  m easu re  th e  t e n s io n  a p p l ie d  by  th e  s u b j e c t s .
The seven  m u sc le  g ro u p s  w ere t e s t e d  on th e  r i g h t  s id e  o f  th e
s u b j e c t 's  b o dy , M a r tin  c o n firm ed  t h a t  f o r  c h i l d r e n  th e r e  i s  v e r y
l i t t l e  s t r e n g th  d i f f e r e n c e  b e tw een  th e  r i g h t  and l e f t  s i d e s  o f th e
body , and t h e  p e rc e n ta g e  d i f f e r e n c e s  be tw een  th e  two s id e s  a r e  n e i t h e r
g r e a t  enough n o r c o n s ta n t  enough t o  i n v a l i d a t e  th e  a s su m p tio n  t h a t
1 2b o th  s i d e s  o f  th e  body  a r e  e q u a l ly  s t r o n g .  K e llo g g  fo u n d  th e  same 
t o  b e  t r u e  f o r  a d u l t s .
D e s c r ip t io n  o f  t h e  T re a d m il l  
The t r e a d m i l l  was made o f  alum inum . I t  w eighed one th o u sa n d  
p o u n d s , and i t s  d im e n s io n s  w ere  U8” w id e , 108" lo n g ,  and 28" h ig h .
The t r e a d  was made o f  G ood-Y ear Vfedge G rip  r u b b e r .  The w a lk in g  s u r ­
f a c e  was e ig h t  f e e t  lo n g  and th r e e  f e e t  w id e . The b e l t  r e v o lv e d  on 
two 8§^" end r o l l e r s  w ith  f o r ty - tw o  1 .9  in c h  bed r o l l e r s  b e tw een  them .
A 220 v o l t  e l e c t r i c a l  sy stem  d ro v e  a  two h o rs e  m otor a t  sp e ed s  
w hich c o u ld  be v a r i e d  from  one an d  o n e -h a l f  t o  t e n  m ile s  p e r  h o u r .
^E . G. M a r t in ,  "M uscu lar S t r e n g th  and M uscu lar Symmetry i n  
Human B e in g s ,"  The A m erican J  o u rn a l  o f  P h y s io lo g y , May, 1918, p .  70,
^ I b i d . , p p .  6 9 - 7 0 .
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The g rad e  was s e t  b y  u s in g  a  m e c h a n ic a l c h a in  d r iv e n  c ra n k  
l o c a te d  a t  one e n d . Any g rad e  up t o  f i f t y - o n e  p e rc e n t  c o u ld  b e  s e t  
b y  r e a d in g  th e  g ra d e  i n d i c a t o r  m ounted on one s i d e .
S e l e c t i o n  o f  Speed Grade 
E r ic k so n ^  found  t h a t  s u b je c t s  a t t a i n e d  maximum n e t  e f f i c i e n c y  
w h ile  w a lk in g  on a  m oto r d r iv e n  t r e a d m i l l  a t  t h r e e  o r t h r e e  and o n e- 
h a l f  m ile s  p e r  h o u r ,  v a ry in g  a c c o rd in g  t o  th e  i n d iv i d u a l .  B ecause  o f 
th e s e  f i n d in g s  a  w a lk in g  sp eed  o f th r e e  m ile s  p e r  h o u r  was s e l e c t e d .
P i l o t  t e s t s  w ere  ru n  t o  d e te rm in e  a p p r o p r ia te  t r e a d m i l l  g r a d e s ,  
The t e n  p e rc e n t  g ra d e  seemed c lo s e  to  maximum f o r  th e  s u b je c t s  a t  th e  
sp eed  and f o r  th e  tim e  i t  was d e s i r e d  t o  have them  w a lk . A t a  g rad e  
g r e a t e r  th a n  t e n  p e r c e n t  some s u b je c t s  would n o t  have  f i n i s h e d  th e  
t e s t .
D e s c r ip t io n  o f th e  Pack 
The p a c k -b o a rd  u se d  i n  t h i s  s tu d y  was th e  s ta n d a rd  p ack  u sed  
b y  th e  U n ite d  S t a t e s  F o r e s t  S e r v ic e .  I t  c o n s i s t e d  o f a  plyw ood fram e 
and a  c an v a s  c o v e r in g . The c o n te n ts  o f  t h i s  p ack  in c lu d e d :  one
s le e p in g  b a g , two c an s  o f  f r u i t  j u i c e ,  one s h o v e l ,  f o u r  c a n s  o f  so u p , 
f o u r  a c c e s s o ry  p a c k s ,  one can  o f tu n a ,  two b o x e s  o f r a i s i n s ,  one a x e , 
one t a r p ,  tw e lv e  can s o f m ixed f r u i t ,  one f l a s h l i g h t ,  one f i i * s t - a i d  
k i t ,  f o u r  f l a s h l i g h t  b a t t e r i e s ,  one f i l e ,  and one c a n te e n , w eigh ing  
th e  t o t a l  o f  s ix ty - tw o  p o u n d s .
L e s te r  E r ic k s o n , "The E nergy  C ost o f  H o r iz o n ta l  and Grade 
W alking  on th e  M otor D riv en  T r e a d m il l ,"  A m erican  J o u r n a l  o f  P h y s io lo g y , 
J a n u a ry ,  19^6 , p .  395»
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S e le c t io n  o f  th e  S u b je c ts
D a ta  was c o l l e c t e d  on t e n  v o lu n te e r  n o n -d is a b le d  m ale s tu d e n t s  
who w ere e n r o l l e d  i n  n o n - p r o f e s s io n a l  p h y s ic a l  e d u c a t io n  c l a s s e s  a t  
M ontana S t a t e  U n iv e r s i ty .  The t e n  s u b j e c t s  w ere b e tw een  e ig h te e n  and 
tw e n ty  y e a r s  o f a g e ;  s e v e n ty  t o  s e v e n ty - f o u r  in c h e s  i n  h e ig h t  and 
w eighed  b e tw een  one h u n d red  and f i f t y - f i v e  t o  tw o h und red  and f o r t y  
p o u n d s .
D a i ly  T e s t in g  P ro c e d u re s
T h ree  s u b je c t s  w ere t e s t e d  e v e ry  a f te r n o o n  a t  a  s p e c i f i e d  tim e  
c o v e r in g  a  p e r io d  o f t h r e e  w eek s .
P r i o r  t o  each  e x p e r im e n ta l  p e r io d  th e  fo l lo w in g  p r e c a u t io n s  
w ere ta k e n  t o  b e  s u re  a l l  equ ipm en t was f u n c t io n in g  p r o p e r ly ,
1 . The sp eed  o f  th e  t r e a d m i l l  was c h ec k ed .
2 . The a n g le  o f  th e  t r e a d m i l l  was s e t .  A ng les v a r ie d  from
day  t o  day  and from  s u b je c t  t o  s u b j e c t .
3 .  The b a c k -p a c k  was re -w e ig h e d  and checked f o r  s t r u c t u r a l
d e f i c i e n c i e s .
U. The c o n d i t io n  o f a l l  t e s t i n g  a p p a ra tu s  was ch eck ed ; 
t e n s io m e te r ,  c h a in s ,  h o o k s , s t r a p s ,  g o n io m e te r .
5 .  I n d iv id u a l  r e c o r d in g  s h e e ts  w ere made r e a d y . These w ere 
d e te rm in e d  in  advance  b e c a u se  th e  t e s t i n g  seq u en ce  o f 
e ac h  s u b je c t  was b a sed  on a  l a t i n - s q u a r e  d i s t r i b u t i o n .
On th e  d e s ig n a te d  day  and t im e , th e  s u b je c t  came to  th e  l a b o r a ­
t o r y  w here he r e c e iv e d  h i s  p r e - t e s t .  Each s u b je c t  was g iv e n  a  one 
m in u te  t im e  a l lo tm e n t  t o  re a d y  h im s e lf  f o r  th e  e x p e r im e n ta l  w a lk . He
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w ould mount th e  t r e a d m i l l ,  w alk  t h i r t y  m in u te s  a t  t h r e e  m ile s  p e r  h o u r 
a t  a  s p e c i f i e d  g r a d e .  At th e  end o f th e  t h i r t y  m in u te  w a lk , th e  su b ­
j e c t  w ould d ism oun t th e  t r e a d m i l l .  He was th e n  g iv e n  one m in u te  t o  
r e a d y  h im s e l f  f o r  th e  p o s t - t e s t .
B o th  th e  p r e - t e s t  and th e  p o s t - t e s t  to o k  b e tw een  th r e e  and  f i v e  
m in u te s  to  a d m in i s t e r .  I n  each  t e s t  th e  s u b je c t s  w ere g iv e n  one 
a t te m p t  t o  r e a c h  t h e i r  maximum s t r e n g th  i n  a l l  se v en  m usc le  g ro u p s . 
Each s u b je c t  a p p l ie d  f o r c e  g r a d u a l ly  u n t i l  maximum pow er was re a c h e d .
I n  o rd e r  t o  re d u c e  th e  a c t u a l  t e s t i n g  tim e  and to  make th e  
t e s t i n g  p r o c e s s  a s  e f f i c i e n t  a s  p o s s i b l e ,  th e  se v en  m usc le  g ro u p s  
w ere t e s t e d  i n  t h i s  o r d e r ; knee e x te n s o r ,  knee  f l e x o r ,  h ip  f l e x o r ,  
h ip  e x te n s o r ,  t ru n k  e x te n s o r ,  t ru n k  f l e x o r ,  and sh o u ld e r  f l e x o r .
The t e n  s u b j e c t s  wore th e  same a p p a r e l  w hich in c lu d e d  gym 
t r u n k s ,  gym s h o e s , and sw eat s h i r t .  W ith t h i s  ty p e  o f c lo th in g  th e  
t e s t e r  was b e t t e r  a b le  t o  p la c e  th e  s t r a p  i n  i t s  c o r r e c t  p o s i t i o n .
Gym sh o e s  a id e d  in  t r a c t i o n  and w ere  c o n v e n ie n t  f o r  t e s t i n g  p u rp o s e s .
I n  th e  s tu d y  on s t r e n g th  decrem en t from  m arch in g  w ith  Army 
p a c k s ,  C la rk e ^  fo u n d  a  c o n d i t io n in g  e f f e c t  s e t  i n  a s  t h e  s u b je c t s  
made r e p e a te d  e x p e r im e n ta l  m a rc h e s . T h is  e f f e c t  was n e g a te d  in  t h i s  
s tu d y  b y  a s s ig n in g  th e  s u b je c t s  t o  e x p e r im e n ta l  t r i a l s  a c c o rd in g  t o  
a  l a t i n - s q u a r e  d i s t r i b u t i o n .
1h . H a r r is o n  C la rk e ,  " S t r e n g th  D ecrem ent from  C a rry in g  V a r io u s  
Army P acks on M i l i t a r y  M a rc h e s ,"  R e se a rc h  Q u a r te r ly , 2 6 :2 5 9 , O c to b e r , 
1955.
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F i r s t  Day Second  Day T h ird  Day
M. A. A B C
J .  D. B 0 A
B . L . C A B
F .  J . A B C
M. K. B C A
M. W. R. 0 A B
M. A . R . A B C
7 .  R. B C A
R. S . C A B
G. T . A B C
F ig u re  1 . L a t in - s q u a r e  d i s t r i b u t i o n  show ing th e  seq u en ce  o f 
e x p e r im e n ta l  t e s t s  f o r  each  s u b j e c t . C o n d itio n  A i s  l e v e l  g ra d e , 
c o n d i t io n  B i s  g r a d e ,  and c o n d i t io n  C i s  10^ g ra d e .
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M ethod o f  A n a ly s is  o f  D ata 
The raw  d a ta  w as p la c e d  on i n d iv id u a l  d a ta  s h e e ts  and th e  
s t r e n g t h ,  s t r e n g th  d e c re m e n t, and  S tr e n g th  D ecrem ent In d ex  com puted . 
T h is  d a ta  was l a t e r  t r a n s f e r r e d  t o  c u m u la tiv e  d a ta  s h e e t s  f o r  e a s e  i n  
m aking th e  f i n a l  a n a l y s i s  o f r e s u l t s .
S te p s  i n  S t a t i s t i c a l  P ro c e d u re s
1 . The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  s t r e n g t h  d ecrem en t
f o r  e a c h  m usc le  g ro u p  a t  each  g ra d e  was c a l c u l a t e d  
u s in g  th e  W ileoxon  T -T e s t ,
2 .  The F riedm an  Two-Way A n a ly s is  o f V a ria n c e  T e s t was th e n
used  t o  d e te rm in e  w h e th e r  s ig n i f i c a n c e  e x i s t e d  b e tw een  
g rad e  s .
3 .  I f  t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  g r a d e s ,  th e
W ile oxon T -T e s t was u se d  a g a in  t o  f i n d  th e  p o i n t s  o f 
s i g n i f i c a n c e .
U, The S t r e n g th  D ecrem ent In d ex  was com puted f o r  each
in d i v i d u a l .  The F riedm an  T e s t  was th e n  u se d  t o  f i n d  
i f  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  f o r  th e  sum o f  
S t r e n g th  D ecrem ent In d ex  f o r  a l l  m uscle  g ro u p s w h ile  
w a lk in g  on th e  l e v e l  and w a lk in g  a t  each  g ra d e .
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AMLTSIS Œ  DATA 
I n t r o d u c t io n
The s t a t i s t i c a l  t e s t s  d e s c r ib e d  in  C h a p te r  I I  w ere u se d  t o  
a n a ly z e  th e  d a t a .  F i r s t ,  t h e  s t r e n g th  d i f f e r e n c e s  be tw een  th e  p r e ­
t e s t  and th e  p o s t - t e s t  w ere  t e s t e d  t o  d e te rm in e  w h e th e r  o r  n o t  th e y  
w ere  s t a t i s t i c a l l y  s i g n i f i c a n t .  N e x t, i t  was d e te rm in e d  w h e th e r  
s t r e n g th  d ecrem en t d i f f e r e n c e s  b e tw een  l e v e l  w a lk in g  and g ra d e  w a lk ­
in g  w ere s i g n i f i c a n t ,  and  i f  th e y  w e re , id ie re  th e  p o in ts  o f  s i g n i f i ­
c a n c e  w ere  t o  b e  fo u n d . L a s t l y ,  t h e  d i f f e r e n c e s  betw een  S t r e n g th  
D ecrem ent In d e x  w h ile  w a lk in g  on th e  l e v e l  and w a lk in g  a t  each  g ra d e  
w ere  a n a ly z e d .
R e s u l ts  o f  S t r e n g th  D ecrem ent 
T a b le  I  shows th e  r a n g e ,  m ed ian , and mean v a lu e s  o f  s t r e n g th  
d e c rem e n t f o r  each  m u sc le  g roup  r e s u l t i n g  d u r in g  a l l  e x p e r im e n ta l  
c o n d i t i o n s .  The s t r e n g th  d ec rem en t f o r  each  s u b j e c t ,  a t  each  c o n d i­
t i o n  fro m  w hich t h i s  t a b l e  i s  sum m arized , i s  found  in  T ab le  7  o f 
A ppend ix  B. T h e re  was no d ec rem en t shown in  f o u r  i n s t a n c e s .  I n  one 
s u b j e c t ,  t h e r e  was a  s ix  p o u n t in c re m e n t f o r  s h o u ld e r  f l e x i o n .  Dé­
p i t é  t h i s  in c re m e n t , a  d ec rem en t w hich  was shown to  be s i g n i f i c a n t  
a t  t h e  ,0 0 5  l e v e l  o f  c o n f id e n c e  was fo u n d  f o r  th e  g roup  a s  a  w h o le .
19
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C la rk e ^  i n  a  s tu d y  o f  s t r e n g th  d ecrem en t d u r in g  m arch in g  w h ile  w e a rin g  
d i f f e r e n t  ty p e s  o f  fo o tw e a r ,  fo u n d  a  c h a r a c t e r i s t i c  and  s ig n iT ic a n t  
in c re m e n t i n  th e  a n k le  d o r s i  f l e x o r s .  No o v e r a l l  in c re m e n t o f  t h i s  
ty p e  was fo u n d  in  th e  d a ta  p r e s e n te d  h e r e .  T h is  lo n e  i n c id e n t  was 
a p p a r e n t ly  w i th in  t h e  no rm al v a r i a b i l i t y  o f th e  t e s t .
The W ilcoxon  T -T e s t  w as u sed  t o  d e te rm in e  th e  s i g n i f i c a n c e  o f  
t h e  d i f f e r e n c e  b e tw een  p r e - t e s t  and p o s t - t e s t  s t r e n g t h ,  A o n e - t a i l e d  
t e s t  w as u s e d  s in c e  th e  e x p e c te d  e f f e c t  was a  d e c r e a s e  in  s t r e n g t h .
A l l  d e c rem e n ts  w ere fo u n d  t o  be  s i g n i f i c a n t  a t  t h e  .00^ l e v e l  o f  con­
f i d e n c e .  T h ese  f i n d in g s  s u p p o r t  th o s e  o f C la rk e ^  i n  h i s  s tu d y  o f  pack- 
c a r r y i n g .  H is  s tu d y  showed t h a t  a f t e r  n in e  d i f f e r e n t  m arch es th e  
s h o u ld e r  e l e v a t o r s ,  th e  t r u n k  f l e x o r s ,  th e  t r u n k  e x te n s o r s ,  t h e  h ip  
f l e x o r s ,  th e  h ip  e x te n s o r s ,  th e  knee f l e x o r s ,  th e  knee e x te n s o r s ,  and  
th e  a n k le  p l a n t a r  f l e x o r s  a l l  had s t a t i s t i c a l l y  s i g n i f i c a n t  s t r e n g th  
decrem en t a t  one tim e  o r a n o th e r .
3
I n  W in b ig le r 's  s tu d y  o f  s t r e n g th  d ec rem en t d u r in g  sub-m axim al
^H, H a r r is o n  C la rk e , " S t r e n g th  D ecrem ents from  W earing V a r io u s  
Army B oots and S hoes on M i l i t a r y  M a rch e s ,"  R e se a rc h  Q u a r te r ly , 2 6 : 
266 - 276 ,  O c to b e r , 1955.
^H. H a r r is o n  C la rk e ,  " S t r e n g th  D ecrem ents from  C a rry in g  V a r io u s  
Army P acks on M i l i t a r y  M a rc h e s ,"  R e se a rc h  Q u a r te r ly , 2 6 :2 5 8 -2 5 9 , 
O c to b e r , 1955 ,
^Thomas Duane W in b ig le r ,  " S t r e n g th  D ecrem ent E f f e c t s  on th e  
M u sc les  o f  th e  T runk and Lower E x tr e m i t ie s  fro m  Sub-M axim al T re a d m il l  
R u n n in g ,"  (m ic ro c a rd e d  M a s te rs  t h e s i s .  U n iv e r s i ty  o f O regon, E ugene ,
1950 ) ,  p .  3 0 .
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TABIE I
STRENGTH DECREMENT VALUES UNDER 
ALL EXPERIMENTAL CONDITIONS
M uscle
Group C o n d itio n Range M edian Mean
Knee E x te n s o r s A 0 .0  -  56.7 13 .3 5 16,3
B 11.6 -  63 .3 2 6 .6 0 3 0 .3
C 1 5 .0  -  Lo.o 2 6 .7 0 2 6 .0
Knee F le x o r s A 1 0 .0  -  I4O.O 1 6 .60 18.7
B 6 .7  -  3 6 .7 20.00 1 9 .3
C 1 0 .0  -  3 6 .7 18.35 21.0
H ip F le x o r s A 3 .3  -  U3.3 1 3 .2 3 18.3
B 5 .0  -  U3.3 1 3 .2 3 19.7
C 10.0  -  53.ii 1 5 .0 0 22 .7
H ip E x te n s o rs A 3 .I4 -  U6.6 IU.15 19 .2
B 6 .7  -  33.3 16.65 1 7 .0
C 6 .6  -  2 6 .7 1 9 .9 5 17.7
T runk E x te n so rs A 6 .7  -  I3 .a 2 0 .5 0 21.0
B 0 .0  -  U6 .7 15 .00 21.5
C 1 3 .3  -  5 0 .0 1 9 .2 5 23.7
T runk F le x o r s A 6 .6  -  5 0 .0 16.70 20.0
B 6 .7  -  iiO.O 2 5 .0 5 2 5 .2
C 1 3 .3  -  h0 , 0 2 3 .3 0 2 k .7
S h o u ld e r  F le x o r s A 0 ,0  -  3 0 .0 10.00 12.0
B -6 .7  -  3 0 .0 15 .00 1 5 .0
C 1 3 .3  -  26 .7 18.10 18,9
I n  t h i s  f i g u r e  C o n d itio n  A = l e v e l  g ra d e ;  C o n d itio n  B ® g ra d e ;  
C o n d itio n  C = 10^ g ra d e .
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t r e a d m i l l  r u n n in g , o n ly  th e  h ip  ou tw ard  r o t a t o r s  and th e  t r u n k  f l e x o r s  
showed a  s t r e n g th  d ecrem en t s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  .01  
l e v e l  o f  c o n f id e n c e .  The h ip  ou tw ard  r o t a t o r s  were n o t  t e s t e d  i n  th e  
p r e s e n t  s tu d y ,  b u t  t h e  f i n d in g s  f o r  th e  t r u n k  f l e x o r s  a g re e  w ith  th o s e  
o f W in b ig le r .
S t r e n g th  D ecrem en ts a t  D i f f e r e n t  G rades 
S in c e  th e  s t r e n g th  d e c rem e n ts  o f  th e  se v e n  m usc le  g ro u p s  w ere 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a l l  g rad e  l e v e l s ,  th e  F riedm an  Two-Way 
A n a ly s is  o f  V a r ia n c e  T estQ C V w as th e n  u se d  t o  d e te rm in e  w h e th e r o r  n o t 
t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  th e  s t r e n g th  d e c rem e n ts  when 
th e  s u b je c t s  w alked  a t  th e  d i f f e r e n t  g ra d e  l e v e l s .
The ^ y v a l u e s  a r e  g iv e n  in  T a b le  I I .  The .05  l e v e l  o f  c o n f i ­
d en ce  was s e l e c te d  a s  t h e  p o in t  f o r  r e j e c t i o n  o f  th e  N u ll H y p o th e s is .
The knee e x te n s o r s  and th e  s h o u ld e r  f l e x o r s  w ere t h e  o n ly  
m usc le  g ro u p s  t h a t  showed s t a t i s t i c a l  s i g n i f i c a n c e .  A lth o u g h , th e r e  
was a  s t a t i s t i c a l l y  s i g n i f i c a n t  d ecrem en t i n  e v e ry  m usc le  g roup  a t  
e v e ry  l e v e l ,  th e  d i f f e r e n c e s  b e tw een  th e  d e c rem e n ts  a t  e v e ry  l e v e l  
w ere s i g n i f i c a n t  i n  o n ly  two i n s t a n c e s .  A p p a re n tly  in c r e a s in g  th e  
g ra d e  l e v e l  d id  n o t  g e n e r a l l y  c a u s e  a  c o rre sp o n d in g  in c r e a s e  i n  
s t r e n g th  d ecrem en t w ith  p o s s ib l y  th e  e x c e p tio n  o f  th e  knee e x te n s o r s  
and th e  s h o u ld e r  f l e x o r s .
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TABLE n
SIGNIFICANCE OF THE DIFFERENCE 
BETWEEN STRENGTH DECREMENTS 
AT ALL GRADE LEVELS
M uscle G roups
Knee E x te n s o r s -  -  - -  - -  - -  - -  - -  - -  - -  - -  8 ,7 5 *
Knee F le x o r s -  -  - -  - -  - -  - -  - -  - -  - -  - -  -  .95
H ip F le x o r s  -  - -  - -  - -  - -  - -  - -  - -  - -  - -  Ii.2 0
H ip  E x te n s o rs  -  - -  - -  - -  - -  - -  - -  - -  - -  -  .05
T runk  E x te n s o rs  -  - -  - -  - -  - -  - -  - -  - -  - -  l .liO  
T runk F le x o r s  - - - - - - - - - - - - - - - - - -  2 .^ 0
S h o u ld e r  F le x o r s -  -  - -  - -  - -  - -  - -  - -  - -  -  8 .1 5 *
*T hese  v a lu e s  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t  beyond th e  .02  l e v e l .
B oth m u sc le  g ro u p s  showed a  s i g n i f i c a n t  d i f f e r e n c e  i n  s t r e n g th  
d e c rem e n t a t  o r above th e  .02  l e v e l  o f c o n fid e n c e  b e tw een  l e v e l  w a lk in g  
and each  g ra d e  b u t  n o t  b e tw een  th e  g ra d e s  th e m s e lv e s .
The f in d in g s  i n  T a b le  I I I  s u g g e s t  t h a t  th e  in c r e a s e  i n  s t r e n g th  
d ecrem en t seems t o  come more from  th e  t r a n s i t i o n  from  l e v e l  w a lk in g  
t o  g ra d e  w a lk in g  th a n  from  g ra d e  t o  g ra d e . A g a in , no c o r re s p o n d in g  
in c r e a s e  i n  s t r e n g th  d ecrem en t was shown w ith  an  in c r e a s e  i n  g ra d e .
TABLE H I
WILCOXON T-TEST VALUES BETWEEN 
DECREMENTS AT EACH GRADE LEVEL
C on d ition C on d ition C on d ition
M uscle Groups A^-B A -  c 3 b2 -  C
Knee E x ten so rs 1 . 00** 8 , 00* 1 9 .5
Shoulder F le x o r s 8 . 00* b .o o * * * 1 0 .5
4̂ This f ig u r e  r e p r e s e n ts  s ig n if ic a n c e  a t  th e  .05  l e v e l  o f c o n fid e n c e . 
**T his f ig u r e  r e p r e s e n ts  s ig n if ic a n c e  a t th e  .0 1  l e v e l  o f c o n f id e n c e . 
iHHf-This f ig u r e  r e p r e s e n ts  s ig n i f i c a n c e  a t th e  .02  l e v e l  o f c o n fid en ce , 
A^ = l e v e l  w alk ing  
B  ̂ = 5^ grade 
c3 -  10% grade
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TABLE 17 
TOTAL STRENGTH DECREMENT INDEX
S u b je c ts C ond.^ K .E .2 K .F .3 H .F .k H .E .5 T .E .6 T .F .7 S .F .8
T o ta l
S .D .I .9
A TÏ.7S 2 3 .5 1 2 .7 7 .7 2 0 .5 2 2 .7 7 .5 9 9 .3 6
M.A. B 9.iiO 1 7 .3 H . 8 3 .5 4 .4 1 7 .9 1 1 .1 7 5 .4 0
0 1 2 .9 0 1 .2 1 6 .7 7 .1 1 .3 1 2 .7 8 .8 6 0 ,7 0
A l.itO 8 .3 1 .8 l 6 .0 2 0 .1 1 6 .3 4 .1 6 8 .0 0
J .D . B 9 .1 0 1 7 .1 4 .1 1 4 .2 2 6 .9 2 1 .7 1 1 .8 1 0 4 .7 0
G H i .10 2 6 .2 5 .3 1 2 .0 22.8 2 0 .9 9 .3 1 1 0 .6 0
A 8 .1 0 l l t .2 l 5 . l 1 8 .9 2 0 .7 2 .7 7 .3 8 7 .0 0
B .L . B 1 6 .5 0 4 .1 3 .9 8 .0 2 .1 1 3 .9 8 .8 5 7 .3 0
C 8 .1 0 8 .3 7 .6 1 0 .4 8 .3 1 5 .4 7 .1 6 5 .2 0
A 1 7 .7 0 1 9 .0 l 5 .2 3 .9 l 5 .2 2 3 .1 1 0 .6 1 0 4 .7 0
F . J . B 2 8 .3 0 1 .9 1 8 .7 4 .7 2 8 .2 6.5 1 2 .7 1 0 1 .0 0
C 1 3 .9 0 1 6 .7 6 .9 4 .1 1 0 .2 8 .1 1 3 .8 7 3 .7 0
A 1 3 .4 0 1 0 .0 3 .3 3.1+ l 6 ,6 1 3 .1 6 ,7 3 9 .3 0
M.K. B 4 .0 0 1 4 .0 4 .1 1 3 .8 4 .4 1 4 .7 8 .3 6 3 .3 0
C 1 2 .6 0 2 1 .0 6 .0 1 0 .0 2 6 .2 2 7 .2 9 .0 1 1 2 .2 0
A 5 . Ï 0 1 3 .9 3 .5 3 .7 7 .2 8 .8 3 .7 4 5 .9 0
M.W.R. B 7 .2 0 1 5 .6 2 .5 7 .3 6 .8 1 1 .2 4 .0 5 4 .6 0
C 6 .2 0 5 .3 5 .8 1 2 .5 1 4 .4 1 7 .1 9 .3 7 0 .6 0
A 4.4o l i t  .6 3 .7 2 2 .8 l 5 .2 6 .3 li.6 7 3 .8 0
M .A.R. B 7 .3 0 l 4 .6 5 .8 1 0 .5 26.2 1 6 .7 4 .5 8 5 .6 0
C 5 .5 0 7 .0 6 .0 4 .9 3 4 .9 8 .4 9 .0 7 5 .7 0
A 0 .0 0 1 1 .1 1 2 .5 1 0 .0 1 2 .0 1 2 .7 5 .9 6 4 .2 0
V .R . B 1 2 .0 0 3 1 .5 1 9 .3 1 9 .0 3 1 .8 5 .9 8 .3 1 2 7 ,8 0
C 8 .2 0 2 5 .7 2 0 .0 1 2 .4 8 .9 1 4 .2 8 .5 9 7 .9 0
A 6 .7 0 1 1 .3 8 .2 9 .1 6 .0 1 0 .5 0 .0 5 1 .8 0
R .S . B 1 4 .0 0 4 .1 9 .4 8 .9 0 .0 1 9 .0 3 .5 5 8 .9 0
G 7 .5 0 1 6 .3 1 8 .9 1 4 .3 8 .1 1 1 .7 9 .5 8 6 .3 0
A 2 .9 0 1 1 .3 È .2 5 .7 6 ,0 3 .1 l i i .3 4 7 .8 0
G.T. B 7 .4 0 8 .9 1 9 .4 8 .4 2 0 .9 1 3 .4 5 .0 8 3 .4 0
G 9 .1 0 1 2 .5 8 .8 7 .1 9 .6 7 .2 1 0 .9 6 5 .2 0
1 . -  c o n d i t io n s
2 .  -  knee  e x te n s o r s
3 .  -  knee  f l e x o r s  
I t . -  h ip  f l e x o r s
5 .  -  h ip  e x te n s o r s
6 .  -  t r u n k  e x te n s o r s
7 . -  t r u n k  f l e x o r s
8 .  -  s h o u ld e r  f l e x o r s
9 . -  S t r e n g th  D ecrem ent In d ex
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s t r e n g t h  D ecrem ent In d ex  D i f f e r e n c e s  
I t  may be  r e c a l l e d  t h a t  S . D. I .  i s  th e  p r o p o r t io n  o f  p r e - e x e r ­
c i s e  s t r e n g th  l o s t  a f t e r  p h y s i c a l  e x e r t i o n .  C o n se q u e n tly , d ec rem en ts  
a r e  e q u a te d  f o r  a l l  m u sc le  g ro u p s  and  can  be added to g e th e r  t o  g e t  a n  
i n d i c a t i o n  o f  th e  t o t a l  e f f e c t  on a l l  m usc le  g ro u p s  t e s t e d .  These 
v a lu e s  w ere  com puted and added a s  shown in  T a b le  IV . The d i f f e r e n c e s  
b e tw een  th e  th r e e  c o n d i t io n s  o f  g ra d e  w ere t e s t e d  f o r  s t a t i s t i c a l  
s i g n i f i c a n c e  w ith  t h e  F riedm an  Two-Way A n a ly s is  o f V a ria n c e  T e s t .  
T h e ^ y -w a s  2 , i i .  A v a lu e  o f  5 .9 9  had  t o  be  re a c h e d  t o  b e  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  th e  ,05  l e v e l  o f c o n f id e n c e .  S in c e  th e  d i f f e r e n c e  was 
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  may be  co n c lu d ed  t h a t  t h e r e  was no 
d i f f e r e n c e  i n  t h e  o v e r - a l l  e f f e c t  i n  th e s e  m u sc le  g ro u p s t e s t e d  a t  
t h e s e  g r a d e s .
DISCUSSION CF RESULTS 
There was a  s t a t i s t i c a l l y  s ig n i f i c a n t  s tr e n g th  decrement shown 
f o r  back-pack ing a t  a l l  th r e e  g r a d e s . In  f i v e  out o f th e  seven  m uscle  
g ro u p s, th e re  was no s i g n i f i c a n t  d if f e r e n c e  betw een the decrem ents a t  
each  grade l e v e l .  The knee e x te n s o r s  and sh ou ld er  f l e x o r s  showed 
s i g n i f i c a n t  d i f f e r e n c e s  betw een  back -p ack in g  on the l e v e l  and back­
p ack in g  up a f i v e  p ercen t g rad e , and betw een the l e v e l  and the te n  
p ercen t grade but d id  not show a s ig n i f i c a n t  d if fe r e n c e  betw een th e  
f i v e  p e r ce n t grade and th e  te n  p ercen t g ra d e . I t  would seem th a t  th e  
v a r ia b le  o f grade d oes n o t have any e f f e c t  on th e  s tr en g th  decrement 
o f  th e  o th er  f i v e  m uscle groups a t  grad es u t i l i z e d  in  t h i s  s tu d y .
The knee  e x te n s o r s  and s h o u ld e r  f l e x o r s  showed a  s t a t i s t i c a l l y  
s i g n i f i c a n t  in c r e a s e  i n  s t r e n g th  d ec rem en t a t  t h e  f i v e  p e r c e n t  and th e
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t e n  p ercen t grades in  com parison to  th e  l e v e l  grad e . However, th e r e  
was s t i l l  no in d ic a t io n  th a t  th e  m agnitude o f the grade had a d ir e c t  
e f f e c t  upon t h i s  decrem ent s in c e  th e r e  was no s t a t i s t i c a l l y  s i g n i f i ­
can t d if f e r e n c e  betw een  the f i v e  p ercen t and th e  te n  p ercen t g r a d e s .
W hile w alk in g  on th e  tr e a d m ill  a t th e  f i v e  p ercen t and th e  te n  
p e r ce n t g r a d e s , th e  su b je c ts  had to  le a n  fu r th e r  forward to  m a in ta in  
b a la n c e . In  t h i s  p o s i t io n ,  th ey  were not as f r e e  to  move t h e ir  arms 
a s  th e y  were w h ile  w alk ing a t  th e  l e v e l  grade. I t  i s  p o s s ib le  th a t  
t h i s  change in  th e  m echanics o f w alk ing when go in g  from th e  l e v e l  t o  
a grade cou ld  be th e  cau se  o f  th e  record ed  r e s u l t s .  However, the  
e x a c t  e x p la n a tio n  fo r  th e se  changes i s  o u ts id e  th e  scope o f t h i s  
stu d y .
A second s u b je c t iv e  o b se r v a tio n  sh ould  be n o ted . At th e  
f i v e  p e r ce n t and th e  te n  p ercen t g r a d e s , s u b je c ts  a p p a ren tly  were 
su b je c te d  to  a g r e a te r  s t r e s s  a s  ev id en ced  by outward s ig n s  of  
lab ored  b rea th in g  and e x c e s s iv e  sw e a tin g . However, t h i s  s u b je c t iv e  
o b ser v a tio n  was not supported by th e  o b je c t iv e  r e s u l t s  o f th e  
s tr e n g th  t e s t .  P o s s ib ly  t h i s  t e s t  m easures some f a c to r  which i s  
r e l a t i v e l y  independent o f th e  observed body a d ju stm en ts.
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CHAPTER IV
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
SUMMARY
Ten male s tu d e n ts  s e le c t e d  from p h y s ic a l  ed u ca tio n  c la s s e s  a t  
Montana S ta te  U n iv e r s ity  served  as s u b je c t s  fo r  t h i s  s tu d y .
M uscle groups which had been  shown by Clarke^ t o  y i e l d  s tr e n g th  
decrem ents during b ack -p ack in g  on m i l i t a r y  m arches were t e s t e d .  These 
m uscle groups w ere; th e  sh ou ld er  e le v a t o r s ,  th e  trunk f l e x o r s ,  th e  
trunk e x te n s o r s ,  th e  h ip  f l e x o r s ,  th e  h ip  e x te n s o r s , th e  knee f l e x o r s ,  
th e  knee e x te n s o r s , and th e  an k le  p la n ta r  f l e x o r s .  In t h i s  s tu d y , th e  
ank le  p la n ta r  f l e x o r s  cou ld  not be measured because th e  ten sio m eter  
was not adequate to  measure th e  te n s io n  a p p lie d  by th e  s u b je c t s .
S u b je c ts  walked t h ir t y  m inutes a t  th e  r a te  of three m ile s  per  
h ou r. S tren g th  o f  th e  m uscle groups b e fo r e  th e  march and a f t e r  th e  
march was measured w ith  a c a b le - te n s io m e te r . V a r ia t io n s  in  tr e a d m ill  
s lo p e s  were l e v e l ,  f i v e  p e r c e n t , and te n  p ercen t g rad e . R e su lts  were 
a n a lyzed  w ith  th e  W ilcoxon T -T est and th e  Friedman Two-Way A n a ly s is  
o f  V ariance T e s t .
F i r s t ,  th e  s tr e n g th  l o s s e s  o f each m uscle group were t e s t e d  to
H arrison  C lark e, "Strength  Decrem ents from Carrying V arious  
Army Packs on M ilita r y  M arches," Research Q u a r t e r l y 26:257, O ctober,
1955 .
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d eterm ine w hether or n ot th e y  were s t a t i s t i c a l l y  s i g n i f i c a n t .  N ext, 
i t  was determ ined w hether s tr e n g th  decrement d i f f e r e n c e s  betw een l e v e l  
w alk in g  and grade w a lk in g  were s ig n i f i c a n t  and, i f  th e y  w ere , where 
th e  p o in ts  o f s ig n if ic a n c e  were t o  be fo o n d . L a s t ly ,  i t  was determ ined  
whether or not th e r e  were s ig n i f i c a n t  d i f f e r e n c e s  fo r  S tren g th  D ecre­
ment Index fo r  a l l  m uscle groups a t  l e v e l  w alk in g  and w alk in g  a t  each  
g r a d e .
The seven  m uscle groups showed s tr e n g th  decrem ent under th e  
th r ee  c o n d it io n s  in  a l l  but fo u r  in s ta n c e s .  One su b je c t  had a s i x  
pound increm ent f o r  th e  sh ou ld er  f l e x o r s .  D e sp ite  t h i s  in d iv id u a l 's  
in crem en t, a decrem ent which was shown to  be s t a t i s t i c a l l y  s i g n i f i ­
can t a t  th e  .005 l e v e l  o f c o n fid e n c e  was found f o r  the group a s  a 
w h o le ,
S in ce  the s tr e n g th  decrem ents o f th e  seven  m uscle groups were 
s t a t i s t i c a l l y  s ig n i f i c a n t  a t  a ll, grade l e v e l s ,  th e  Friedman Two-Way 
A n a ly s is  o f V ariance Test%  y. was th en  used  to  determ ine w hether or not  
th e r e  were s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  s tr e n g th  decrem ents  
when th e  s u b je c ts  walked a t th e  d i f f e r e n t  grade l e v e l s .  The knee 
e x te n so r s  and th e  sh ou ld er  f l e x o r s  were th e  o n ly  m uscle groups th a t  
showed s t a t i s t i c a l  s ig n if ic a n c e  beyond th e  .05  l e v e l  o f c o n f id e n c e .
Both m uscle groups showed a s ig n i f i c a n t  d i f f e r e n c e  in  s tr e n g th  d e c r e ­
ment a t or above th e  .02  l e v e l  o f co n fid e n c e  betw een l e v e l  w alk ing  
and each  grade but n o t betw een th e  grad es th e m se lv e s .
Through th e  u se  o f th e  S tren g th  Decrement Index, a l l  m uscle  
group decrem ents were added to g e th e r  to  g e t  an in d ic a t io n  o f  the  
t o t a l  e f f e c t  on a l l  o f  th e  m uscle groups th a t  had been t e s t e d .  The
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d if f e r e n c e  betw een th e  th ree  c o n d it io n s  o f grade were t e s t e d  fo r  
s t a t i s t i c a l  s ig n if ic a n c e  w ith  the Friedman Two-Way A n a ly s is  o f V a r i­
ance T e s t .  S ince th e  d if f e r e n c e  was not s t a t i s t i c a l l y  s i g n i f i c a n t ,  
th e r e  was no d if f e r e n c e  in  th e  o v e r - a l l  e f f e c t  o f th e se  m uscle groups 
a t  th e  grad es t e s t e d .
CONCLUSIONS
The fo l lo w in g  c o n c lu s io n s  are made w ith in  th e  l im it a t io n s  o f  
t h i s  s tu d y .
1 . There were s t a t i s t i c a l l y  s ig n i f i c a n t  s tr e n g th  decrem ents
in  a l l  m uscle groups.
2 . There was no apparent r e la t io n s h ip  betw een th e  grade and
th e  str e n g th  decrem ent.
3 . The in c r e a se  in  th e  decrem ent o f th e  sh ou ld er  f l e x o r s  and
th e  knee e x te n so r s  i s  a p p a ren tly  r e la te d  to  the t r a n s i ­
t io n  from l e v e l  w alking t o  grade w alk in g  and i s  not 
r e la te d  to  the s i z e  o f th e  grad e .
RECOMMENDATIONS
In v iew  o f th e  f in d in g s  c f  t h i s  stu d y  and th e  problem s en­
countered  during i t s  co m p le tio n , i t  would be p r o f i t a b le  t o  pursue  
fu r th e r  r e se a r c h . The r e la t io n s h ip  betw een m uscle decrement cind c a r -  
d io -v a s c u la r  r e s p ir a t o r y  ad ju stm en ts should  be s tu d ie d . R esearch  
sh ou ld  be com pleted on th e  m echanics o f w alk in g  on th e  tr e a d m ill  a t  
d i f f e r e n t  grade l e v e l s .  A ls o , s tr e n g th  decrement should  be examined 
under a v a r ie t y  o f v a r ia b le s  such as d is ta n c e ,  p a ck -w eig h t, sp eed , 
and in c l in a t io n s  o f th e  t r e a d m il l .
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APPENDIX A 
TESTING METHODS
Knee E x te n s io n . The su b je c t  sa t  a t th e  end o f th e  t e s t in g  
ta b le  in  a backward le a n in g  p o s i t i o n ,  w ith  h i s  l e g s  hanging f r e e l y  
over th e  end o f th e  t a b l e .  The s u b j e c t ' s  arms were extended t o  th e  
r e a r , g ra sp in g  th e  s id e s  o f th e  t a b le ,  w ith  h i s  th ig h  adducted a t  
th e  h ip  j o i n t  t o  one hundred and e ig h ty  d e g r e e s .
The stra p  was p la c e d  around th e  l e g  midway betw een th e  knee
and an k le  j o i n t .  The knee was extended u n t i l  an a n g le  o f  one hundred
and f i f t e e n  d eg rees  was m easured, th en  th e  ch a in  was a tta ch ed  to  a
hook lo c a te d  on a p ie c e  of v e r t i c a l  frame a tta ch ed  t o  th e  under part  
o f th e  t a b le .
The a s s i s t a n t  t e s t e r  p la ced  h i s  r ig h t  arm on th e  s u b j e c t ’ s 
sh ou ld er  and l e f t  arm around th e  s u b j e c t ’ s w a is t  keep ing  th e  su b je c t  
from le a n in g  backward or l i f t i n g  h i s  b u tto ck s o f f  th e  t a b le .  The 
t e s t e r  a tta ch ed  th e  ten s io m e te r  to  th e  c a b le  and t o ld  th e  su b je c t  
when t o  b e g in . The s u b je c t  would s t r a ig h te n  out h i s  l e g ,  a p p ly in g  
as much fo r c e  a s  p o s s ib le  w ith ou t l i f t i n g  h i s  b u tto ck s o f f  th e  ta b le  
or f l e x in g  h i s  arm s.^
^H. H arrison  Clarke and David H. C lark e , D evelopm ental and 
Adapted P h y s ic a l E ducation  (Englewood C l i f f s ,  N. J ,  : P r e n tic e  
H a ll ,  I n c . ,  1 9 6 3 ), p p . 92-9Ù.
1
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Knee F le x io n . The su b je c t  was p la ced  in  a prone p o s i t i o n ,  w ith  
h i s  head r e s t in g  on h i s  f o ld e d  arm s. A fo ld e d  to w e l was used  to  g iv e  
th e  knee p r o te c t io n  when th e  t e s t  was a d m in is ter ed .
The s tr a p  was p la c ed  around th e  le g  midway betw een th e  knee and 
th e  ank le  j o i n t .  The ch a in  was a tta ch ed  to  a hook below  th e  low er end 
o f th e  ta b le  u s in g  th e  l in k  th a t h e ld  th e  s u b j e c t ' s  knee to  one hun­
dred and s i x t y - f i v e  d e g r e e s .
The a s s i s t a n t  t e s t e r  la y  a c r o s s  th e  s u b j e c t ' s  back to  keep the  
s u b j e c t ' s  sp in e  from  e x te n d in g . When perform ing th e  t e s t ,  th e  su b je c t  
a p p lie d  a s  much p ressu re  as p o s s ib le  w ith o u t l i f t i n g  h i s  stomach o f f  
th e  t a b le .^
Hip F le x io n . The su b je c t  was p la c ed  in  a su p in e p o s i t io n  w ith  
h is  r ig h t  th ig h  p la ced  over th e  s l i t  in  th e  t a b le ,  f u l l y  extended and 
adducted to  a f u l l  one hundred and e ig h ty  d e g r e e s . The s u b je c t 's  
l e f t  l e g  was f le x e d  w ith  h i s  f o o t  r e s t in g  on th e  t a b le ;  arms fo ld e d  
a c r o s s  h i s  c h e s t .
The s tr a p  was p la c ed  around th e  low er th ir d  o f th e  r ig h t  th ig h  
betw een  th e  knee and h ip  j o i n t .  The p u l l in g  assem b ly  was p la c ed  
through th e  s l i t  in  th e  t a b le  top  and a tta ch ed  t o  a hook on th e  base  
o f  th e  t a b le .
The a s s i s t a n t  t e s t e r  p la c ed  h is  hands on th e  s u b j e c t ' s  
sh o u ld er s  a p p ly in g  p r e ssu re  t o  p reven t them from  l i f t i n g  o f f  the  
t a b le .  The su b je c t  l i f t e d  h i s  e n t ir e  l e g  o f f  th e  ta b le  by l i f t i n g
H. H arrison  C larke and David H. C lark e , D evelopm ental and 
P h y s ic a l Educat;~
I n c . ,  1963%  pp. 92 - 9U .
Adapted cation  (Englewood C l i f f s ,  N. J .  ; P r e n tic e  H a ll ,
5 )1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 3
from  th e  h ip .  He co u ld  not g a in  e x tr a  fo r c e  by p r e s s in g  h is  r ig h t  
h e e l  a g a in s t  th e  ta b le  to p .^
Hip E x te n s io n . The s u b je c t  was p la ced  in  a prone p o s i t io n  w ith  
h i s  r ig h t  th ig h  over th e  s l i t  in  th e  ta b le  t o p .  The r ig h t  h ip  was 
adducted and extended t o  a f u l l  one hundred and e ig h ty  d e g r e e s . H is 
arms were extended  backward a lon g  th e  s id e s  o f h i s  body.
The stra p  was p la c e d  around th e  low er th ir d  o f  th e  th ig h  b e ­
tw een th e  h ip  and th e  knee j o i n t s .  The p u l l in g  assem bly  was a tta ch ed  
t o  a hook b en eath  th e  su b je c t  through th e  s l i t  in  th e  t a b le .
The a s s i s t a n t  t e s t e r  la y  a c r o s s  th e  s u b j e c t ' s  low er back; 
hanging on t o  th e  o p p o s ite  s id e  o f th e  t a b le ,  thu s p rev en tin g  th e  
s u b j e c t ' s  p e l v i s  from r a is in g  when he l i f t e d  h i s  r ig h t  le g .^
Trunk E x te n s io n . The su b je c t  was p la ced  in  a prone p o s i t io n  
w ith  both h ip s  extended and adducted t o  a f u l l  one hundred and e ig h ty  
d e g r e e s . The s u b je c t ' s  k n ees  were f u l l y  extended w ith  h i s  arms b e­
h in d  b ack .
The s tr a p  was p la ced  around th e  s u b j e c t ' s  c h e s t  c lo s e  under 
th e  arm p i t s .  The p u l l in g  assem bly  was p la ced  through th e  s l i t  in
th e  t a b le  top  and a tta ch ed  t o  th e  hook b en ea th .
The a s s i s t a n t  t e s t e r  la y  a c r o s s  the s u b je c t ' s  th ig h s  h o ld in g  
on t o  th e  o p p o s ite  s id e  of th e  t a b le ;  th u s , p rev en tin g  th e  h ip s  from
^H. H arrison  Clarke and David H. C larke, D evelopm ental and 
Adapted P h y s ic a l E d u cation  (Englewood C l i f f s ,  N. J .  ; P r e n tic e  H a ll ,  
I n c . ,  1 9 6 3 ) , p p . 8 9 -9 1 .
^ I b id . , pp . 88- 9 0 .
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l i f t i n g  when he e x e r te d  f o r c e .^
Trunk F le x io n . The su b je c t  was p la ced  in  a supine p o s i t io n  w ith  
b o th  h ip s  extended  and adducted t o  a f u l l  one hundred and e ig h t y  d e ­
g r e e s .  The s u b j e c t ' s  k n ees were f u l l y  extended w ith  h i s  arms fo ld e d  
on c h e s t .
The s tr a p  was p la c e d  around th e  c h e s t ,  c lo s e  under th e  arm p i t s .  
The p u l l in g  assem bly  was p la c ed  through th e  s l i t  in  th e  ta b le  top  and 
a tta c h e d  t o  th e  hook b e n e a th .
The a s s i s t a n t  t e s t e r  la y  a c r o ss  th e  s u b j e c t ' s  th ig h s  h o ld in g  
on t o  th e  o p p o s ite  s id e  o f  th e  ta b le ;  th u s , p r e v en tin g  th e  h ip s  from  
l i f t i n g  when he e x e r te d  f o r c e . 2
Shoulder F le x io n . The su b je c t  was p la c ed  in  a su p in e p o s i t io n  
w ith  b oth  h ip s  and k n ees  f l e x e d .  The s u b j e c t ’s  f e e t  were r e s t in g  on 
th e  ta b le  w ith  h i s  f r e e  hand r e s t in g  on c h e s t .  H is r ig h t  arm was h e ld  
c lo s e  to  h i s  s id e ,  r ig h t  sh o u ld er  was f le x e d  t o  n in e ty  d eg rees  and h i s  
r ig h t  elbow  was f le x e d  n in e ty  d e g r e e s .
The strap  was p la c e d  around th e  s u b j e c t ’ s  humerus midway b e ­
tw een th e  sh ou ld er and elbow j o i n t .  The p u l l in g  assem b ly  was a tta c h e d  
t o  th e  hook on a c r o s s p ie c e  b en eath  th e  s u b j e c t ' s  arm.
The a s s i s t a n t  t e s t e r  p la ced  h is  r ig h t  hand on th e  s u b j e c t ' s  
r ig h t  sh ou ld er  and h i s  l e f t  arm a c r o ss  th e  s u b j e c t ' s  p e l v i s  t o  p r e ­
v e n t  them from e le v a t in g  when fo r c e  was e x e r t e d . 3
^H. H arrison  C larke and David H. C lark e , D evelopm ental and 
Adapted P h y s ic a l E d ucation  (Englewood C l i f f s ,  N. J .  : P r e n t ic e  H a ll ,  
I n c . ,  1 9 6 3 ) , pp. 6 8 -9 0 .
2%bid.
3 I b i d . , p p . 8U -86.
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APPENDIX B 
TABLE V ~ TEST RESULTS
S u b ject C on d ition Ml s o le  Group P re-T est P o st-T e s t













1 5 .0 0
3 0 .0 0





Knee F le x o r s
170
17 3 .3
1 6 6 ,6
130
1 4 3 .3
1 4 6 .6
110.00
3 0 .0 0










2 8 6 .6
2 6 6 .6
ho.oo
38.40





Hip E x ten so rs
1 9 5 .0
1 9 0 .0  
1 9 0 .0
1 8 0 .0
1 8 3 .3
1 7 6 .6
1 5 .0 0
6 .7 0









1 1 6 .6  
m6 .6
1 3 6 .6
3 0 .0 0  
6 .7 0





Trunk F le x o r s
2 2 0 .0
223.3
2 1 0 .0
1 7 0 .0
183.3
183.3
5 0 .0 0
4 0 .0 0  





Shoulder F le x o r s
2 6 6 .6
2 7 0 .0
263.3
2 4 6 .6
2 4 0 .0
2 4 0 .0
2 0 .0 0
3 0 .0 0





Knee E xten sors
2I3.30
22 0 .0 0
260.00
2 4 0 .0 0
2 0 0 .0 0  
2 2 3 .3 0
3 .3 0
2 0 .0 0
3 6 .1 0




Knee F le x o r s
159.90 
1 1 6 .6 0  
mo. 00
1 4 6 .6 0
9 6 .6 0
1 0 3 .3 0
1 3 .3 0
2 0 .0 0





Hip F le x o r s
1 9 0 .0 0
16 3 .30
1 8 6 ,6 0
1 8 6 .6 0










1 9 0 .0 0  
lUo.oo 
1 6 6 .6 0
1 5 9 .9 0  
1 2 0 .0 0  
m 6 .6 0
3 0 .1 0
2 0 .0 0







8 6 .6 0
1 1 6 ,6 0
7 9 .9 0
6 3 .3 0
9 0 .0 0
2 0 .1 0
2 3 .3 0





Trunk F le x o r s
1U 3.30
1 5 3 .3 0
m 3 .30
12 0 .0 0
120 .00  
1 1 3 .3 0
2 3 .3 0
3 3 .3 0  





Shoulder F le x o r s
1 6 3 .3 0  
170.00 
m3.30
1 7 0 .0 0  
1 5 9 .9 0
1 3 0 .0 0
*6 .7 0
2 0 .1 0
1 3 .3 0
■«•This f ig u r e  represen ts the only in crease in  strength .
35
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TABLE V (c o n tin u e d )
Strength
Subject Condition Muscle Group Pre-Test P ost-T est Decrement
A o i 2i|6«6o 2 2 6 .6 0 2 0 .0 0
Bo L « B Knee Extensors 2U3 .3 0 20 3 .3 0 l o .o o
C 10% 2h 6 ,60 2 2 6 .6 0 2 0 .0 0
A 0% 11 6 .6 0 1 0 0 .0 0 1 6 .6 0
B . L. B 5% Knee F lexors 16 3 .3 0 15 6 .6 0 6 .7 0
C 10% 12 0 .0 0 1 1 0 .0 0 1 0 .0 0
A 0% 2 8 6 ,6 0 2U3 .3 0 1 3 .3 0
B. L , B 5% Hip F lexors 2 $ 3 .3 0 2U3 .3 0 1 0 .0 0
0 10% 2 6 3 .3 0 2 1 3 .3 0 2 0 .0 0
A 0% 2U6 .60 2 0 0 .0 0 1 6 .60
Bo Lo B ^% Hip Extensors 2 1 0 .0 0 1 9 3 .3 0 1 6 .7 0
C 10% 2 2 3 .3 0 2 0 0 .0 0 2 3 .3 0
A 0% 2 1 0 .0 0 1 6 6 .6 0 I3 .C 0
Bo L . B S% Trunk Extensors 232 .00 2 3 0 .0 0 2 .0 0
C 10% 2 2 3 .3 0 2 0 5 .0 0 1 8 .5 0
A 0% 2L 6.60 21 0 .0 0 6 .6 0
Bo L . B $% Trunk Flexors 2 6 3 .3 0 2 2 6 .6 0 3 6 .7 0
C 10% 2 6 0 ,0 0 2 2 0 .0 0 lo.oo
A 0% 18 3 .3 0 1 7 0 .0 0 1 3 .3 0
Bo L . B S% Shoulder Flexors 1 9 0 .0 0 1 7 3 .3 0 1 6 .7 0
0 10% 19 0 .0 0 1 7 6 .6 0 1 3 .1 0
A 0% 3 2 0 .0 0 2 6 3 .3 0 2 6 .7 0
Fo J . B 5% Knee Extensors 2 2 3 .3 0 1 6 0 .0 0 6 3 .3 0
C 10% 2 2 6 .6 0 195 .00 3 1 .6 0
A 0% 1^6 .0 0 1 1 3 .3 0 2 6 .7 0
F. J . B S% Knee F lexors 1 0 6 .6 0 8 6 ,6 0 2 0 .0 0
C 10% 100 .00 8 3 .3 0 1 6 .7 0
A 0% 2 2 0 .0 0 1 8 6 ,6 0 3 3 . l o
Fo J . B 5% Hip Flexors 1 9 0 .0 0 1 7 3 .3 0 1 6 .7 0
C 10% 1 9 3 .3 0 1 8 0 .0 0 1 3 .3 0
A 0% 1 7 3 .3 0 1 6 6 .6 0 6 .7 0
Fo J . B ^% Hip Ebctens ors 1L 3.30 1 3 6 .6 0 6 .7 0
C 10% 1 2 9 .9 0 1 5 3 .3 0 6 .6 0
A 0% 1 2 3 .3 0 130 .00 2 3 .3 0
Fo Jo B ^% Trunk Extensors 1 3 0 .0 0 9 3 .3 0 3 6 .7 0
C 10% 1 6 3 .3 0 I I 6 .6 0 1 6 .7 0
A 0% 130 .00 1 0 0 .0 0 3 0 .0 0
Fo J . B # Trunk Flexors 1 2 3 .3 0 1 1 3 .3 0 1 0 .0 0
C 10% 16 3 .3 0 1 5 0 .0 0 1 3 .3 0
A 6% 1 5 6 .6 0 ilo .oo 1 6 .6 0
Fo J- B 5% Shoulder F lexors 1 5 6 ,6 0 1 3 6 ,6 0 2 0 .0 0
C 10% 19 3 .3 0 1 66 .60 2 6 .7 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 7
TABLE V (co n tin u e d )
S u b je c t C o n d itio n M uscle Group P re -T e s t P o s t-T e s t






Knee E x te n s o rs
280„00  
2 8 6 .6 0  
2 8 6 .6 0
266 .60
2 7 5 .0 0
2 5 0 .0 0
1 3 .6 0
1 1 .6 0





Knee F le x o r s
1 73 .30
1 6 6 .6 0
1 6 6 .6 0
1 6 3 .3 0
1 6 3 .3 0
1 30 .00
1 0 .0 0
2 3 .3 0





H ip F le x o r s
1 6 3 »30 
1 6 3 .3 0  
166 .60
1 6 0 .0 0  
1 5 6 .6 0  
1 5 6 .6 0
3 3 .3 0
6 .7 0





H ip E x te n s o rs
1 6 0 .0 0
170 .00
2 0 0 .0 0
1 5 6 .6 0
1 6 6 .6 0  
1 8 0 .0 0
3 .L 0
2 3 .6 0





T runk E x te n s o rs
136 .60
1 5 3 .3 0
1 6 0 .0 0
1 2 0 .0 0
1 6 6 .6 0
1 0 3 .3 0
1 6 .6 0
6 .7 0





Trunk F le x o r s
i5b.oo
1 6 6 .6 0
1 6 6 .6 0
1 3 6 .6 0  
1 2 5 .0 0
1 0 6 .6 0
1 3 .6 0
2 1 .6 0  





S h o u ld e r  F le x o r s
1 9 0 .0 0
2 0 0 .0 0
205.00
1 8 3 .3 0
1 8 3 .3 0  
1 8 6 .6 0
6 .7 0
1 6 .7 0
1 8 .6 0




Knee E x te n s o rs
2 6 3 .3 0
2 8 0 .0 0
2 6 6 .6 0
2 5 0 .0 0  
2 5 9 .9 0
2 5 0 .0 0
1 3 .3 0
20.10
1 6 .6 0




Knee F le x o r s
1 2 0 .0 0
10 6 .6 0
1 90 .00
1 0 3 .3 0
90.00
1 8 0 .0 0
1 6 .7 0
1 6 .6 0





Hip F le x o r s
1 8 6 .6 0
2 0 0 .0 0
173 .30
1 80 .00
1 9 5 .0 0
1 6 3 .3 0
6 .6 0
5 .0 0
1 0 .0 0




H ip E x te n s o rs
183-30
1 8 3 .3 0
1 8 6 .6 0
1 7 6 .6 0
1 7 0 .0 0
1 6 3 .3 0
6 .7 0
1 3 .3 0
2 3 .3 0




Trunk E x te n s o rs
93.30
9 6 .6 0
9 3 .3 0
8 6 .6 0
9 0 ,0 0
7 9 .9 0
6 .7 0
6 .6 0  





T runk F le x o r s
1 1 3 .3 0
1 2 0 .0 0
1 1 6 .6 0
103 .30  
1 06 .60  
9 6 .6 0
1 0 .0 0
1 3 .6 0
2 0 .0 0




S h o u ld e r F le x o r s
183.30
166 .60  
1 8 0 .0 0  ,
1 7 6 .6 0
1 5 9 .9 0
1 6 3 .3 0
6 .7 0
6 .7 0  
1 6 .7 0
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TABIE V (continued)
S u b ject C on dition M uscle Group Pre -T est P o st-T e s t
s tr e n g th
Decrement
A 0% 2 6 6 . éo 2 5 5 .0 0 1 1 .60
M. A, R. B
C 10^
Knee E x ten sors 275 .00
2 7 5 .0 0
2 5 5 .0 0
260 .00
2 0 .0 0









11 6 .6 0
1 1 6 .6 0  
13 3 .3 0
2 0 .0 0
2 0 .0 0
1 0 .0 0
M. A. R.
A 6i  
B
C 10^
Hip F le x o r s
180 .00  
1 73 .30  
1 66 .60
1 7 3 .3 0
163 .30  
156 .60
6 .7 0
1 0 .0 0





Hip E xten sors
1 9 0 .0 0
190 .00
2 0 5 .0 0
1U6 .60
1 7 0 .0 0
1 95 .00
6 3 .5 0
2 0 .0 0





Trunk E xten sors
1 5 3 .3 0
lU o .o o
Hf3 .3 0
1 3 0 .0 0
1 0 3 .3 0
9 3 .3 0
2 3 .3 0
3 6 .7 0





Trunk F le x o r s




1 16 .60  
lU 6 .6 0
1 3 .3 0
2 3 .5 0
1 3 .5 0
A 0^ 2 1 0 .0 0 2 0 0 .0 0 1 0 .0 0
M. A. R. B 6%
C 10^
Shoulder F le x o r s 2 2 0 .0 0
2 0 5 .0 0
2 10 .00
1 8 6 ,6 0
1 0 .0 0










2 3 0 .0 0
2 2 3 .3 0
0 .0 0
3 0 .0 0





Knee F le x o r s
9 0 .0 0
1 1 6 .6 0
1 1 6 .6 0
8 0 .0 0
7 9 .9 0
8 6 .6 0
1 0 .0 0
3 6 .7 0





Hip F le x o r s
1 3 3 .3 0




l i |6 .6 0
1 6 .7 0
3 6 .7 0





Hip E xten sors
1 3 3 .3 0
1 7 6 .6 0
1 5 9 .9 0
1 2 0 .0 0
lif3 .3 0
litO.OO
1 3 .3 0
3 3 .3 0  





Trunk E xten sors
1 6 6 ,6 0  
1U6,6 0  
15 0 .0 0
1146.60 
1 0 0 .0 0
1 3 6 .6 0
2 0 .0 0
146,60





Trunk F le x o r s
1 8 3 .3 0
1 1 3 .3 0  
1 1 6 .6 0
1 6 0 .0 0  
1 06 .60
1 0 0 .0 0
2 3 .3 0
6 .7 0





Shoulder F le x o r s
1 7 0 .0 0
1 5 9 .9 0
1 5 6 .6 0
1 60 .00  
1146.60  
1Ü3 .3 0
1 0 .0 0
1 3 .3 0
1 3 .3 0
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TABLE V (co n tin u ed )
S u b ject C on d ition M uscle Group P re-T est P o st-T e s t






Knee E xten sors
30 0 .0 0
3 2 0 .0 0
310 .00
2 8 0 .0 0
27 5 .0 0
2 8 6 .6 0
2 0 .0 0
4 5 .0 0





Knee F le x o r s
l i i 6 .60
163 .30
1Ü3 .3 0
13 0 .00  
1 5 6 .6 0
120 .00
1 6 .6 0
6 .7 0





Hip F le x o rs
2I43.30
2 5 0 .0 0
2i|6 .6o
2 2 3 .3 0
2 2 6 .6 0
2 0 0 .0 0
2 0 .0 0
2 3 .4 0
4 6 .6 0
R. S .
A O i 
B ^i 
C 10%
Hip E xten sors
18 3 .30
186 .60
1 8 6 .6 0
1 6 6 ,6 0
1 7 0 .0 0
1 5 9 .9 0
1 6 .7 0
1 6 .6 0
2 6 .7 0
A 0% 1 6 6 .6 0 1 5 6 .6 0 1 0 .0 0
R. S , B 5$
C 10^
Trunk E x ten so rs 1 6 3 .3 0
1 6 3 .3 0
16 3 .3 0
1 5 0 .0 0
0 0 .0 0





Trunk F le x o r s
190 .00
2 1 0 .0 0
2 2 6 .6 0
1 7 0 .0 0
170 .00
2 0 0 .0 0
2 0 .0 0
4 0 .0 0





Shoulder F le x o r s
2 0 5 .0 0
1 9 0 .0 0
2 1 0 .0 0
2 0 5 .0 0
1 8 3 .3 0
1 9 0 .0 0
0 0 .0 0
6 .7 0
2 0 .0 0
A oi 3 4 0 .0 0 3 3 0 .0 0 1 0 .0 0
G. T. B S%
C 10%
Knee E xten sors 3 1 3 .3 0
3 3 0 .0 0
290 .00
3 0 0 .0 0
2 3 .3 0





Knee F le x o r s
1 4 6 .6 0
1 5 0 .0 0
1 3 3 .3 0
130 .00
1 3 6 .6 0
1 1 6 .6 0
1 6 .6 0
1 3 .4 0





Hip F le x o r s
2 4 0 .0 0  
2 2 3 .3 0
1 9 0 .0 0
2 3 0 .0 0
1 8 0 .00  
1 7 3 .3 0
1 0 .0 0
4 3 .3 0





Hip E xten sors
1 7 6 .6 0  
1 6 0 .0 0
186 .60
1 6 6 .6 0
1 4 6 .6 0  
1 7 3 .3 0
1 0 .0 0
1 3 .4 0





Trunk E xten sors
2 8 0 .0 0
2 2 3 .3 0
29 5 .0 0
2 6 3 .3 0
17 6 .6 0
2 6 6 .6 0
1 6 .7 0
4 6 .7 0  





Trunk F le x o r s
2 9 3 .3 0
2 0 0 .0 0
280 .00
2 8 3 .3 0
1 7 3 .3 0  
2 6 0 .0 0
1 0 .00
2 6 .7 0





Shoulder F le x o r s
2 1 0 .0 0
2 0 0 .0 0
23 0 .0 0
180 .00
19 0 .0 0
2 0 5 .0 0
3 0 .0 0
1 0 .0 0  
2 5 .0 0
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APPENDIX C
SAMPLE OF SUBJECT'S RECORD CARD
Subj e c t  :
T e n s io m e te r ; 
A g e ;  _______ _
D ate;
W eight
T e s te r :  
C o n d itio n ;  
H e ig h t :
P r e -  P o s t -  P r e -  P o s t -
M uscle Group T e s t  T e s t  T e s t  L b s . T e s t  L bs.____ S .D .* S .D . I .* #
Knee E x te n s o rs
Knee F le x o r s
Hip F le x o r s
H ip E x te n s o rs
Trunk E x te n so rs
Trunk F le x o r s
S h o u ld e r F le x o rs
S t r e n g th  D ecrem ent 
- S tr e n g th  D ecrem ent In d ex
ho
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